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i FISHERY RESEARCH IN EAST AFRICA 
By R. S. A. BEAUCHAMP 
East African Fisheries Research Organization f -
THE problems to be investigated when studying a fishery cover a range of subjects as great as that covered by the combined sciences of agriculture 
• 
and animal husbandry. These two sciences, although they overlap, can by 
definition be limited, one to the study of plants and the other to the study of 
animals. No such limits can be set to the science of fishery research which 
includes the study of both plants and animals. 
Man has, by various means, taken fish out of the sea and out of streams and 
_1'- lakes for a hundred thousand years. Only recently did it occur to him to study these fish in detail-their way of life and the food they eat. We are told, how­~.i 
! ~ ever, that cave man initiated the science of agriculture when he selected, and 
i stored for planting, seeds that he discovered grew into plants useful to him as J food. For many thousands of years, therefore, there has been an applied science 
of agriculture and for nearly as long one that may be considered the precursor • 
of animal husbandry. ~ A lack of background is perhaps partially responsible for the multitude of 
i misconceptions which surround the modern science of fisheries, but probably 
1 - a more significant source for these misconceptions is the fact that until very 
recently man has considered the harvest drawn from the sea or from the local 
river or pond as a 'perquisite', a fortunate addition to his diet which he has not 
laboured to produce. Like anything that is obtained without too ~uch effort, it 
was relatively unappreciated. However, once fish ceased to be a casual addition 
to the diet and became an essential constituent their. capture became a serious 
business and, furthermore, the means of earning a livelihood. Fishing ceased to 
be a casual pastime, though among anglers it survives as such to the present day. 
When fish became an important element in man's diet greater efforts were 
required to bring in amounts sufficient to meet the d$lm'lnd. The demands 
increased as human populations increased and it soon became apparent that the 
fisheries of the world could not be considered as inexhaustible reserves of food. 
~.-_. " It became necessary to study the existing stocks of fish, their rate of reproduc­
'l( 'tion and the supply of food available to them. Thus fishery research was born 
as the child of necessity. Man, however, rarely learns from his predecessor's 
experiences; thus every new fishery is treated as yet another widow's cruse until 'l , from bitter experience it is found to be otherwise. We have seen this happen in 
East Africa. 
Every fishery and every method of fish cultivation presents problems peculiar 
to itself, hence the need for research all over the world. Though much effort has 
been expended on the study of marine fisheries, very little work has been done 
on inland fisheries, no doubt because they have usually been considered to be of 
relatively little value. This of course does not apply to East Africa. The Fishery 
Departments of the three East African Governments and the Lake Victoria 
Fisheries Service have collected a considerable amount of evidence, which need 
not be repeated here, to show how valuable are the fisheries in this area, yet even 
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U G A N D A  J O U R N A L  
I  
s o ,  c o n s i d e r a b l e  e f f o r t s  a r e  b e i n g  m a d e  t o  a u g m e n t  e x i s t i n g  s u p p l i e s  d e r i v e d  
-
I
f r o m  n a t u r a l  s o u r c e s  b y  g r o w i n g  f i s h  i n  p o n d s  a n d  d a m s .  
P r o b a b l y  f i s h  h u s b a n d r y  i n  i n l a n d  w a t e r s  o r i g i n a t e d  w i t h  t h e  C h i n e s e  w h o  f e d  
l
g r a s s  t o  f i s h  i n  p o n d s .  T h e s e  p a r t i c u l a r  f i s h  g r o w  w e l l  o n  c h o p p e d  g r a s s  a n d  t h e  
p a r t i a l l y  d i g e s t e d  f o o d  e x c r e t e d  b y  t h e m  a f f o r d s  f o o d  f o r  o t h e r  s p e c i e s .  E x c r e t a  
f r o m  a l l  t h e s e  f i s h  a d d  t o  t h e  p l a n t  n u t r i e n t s  i n  t h e  w a t e r ,  a n d  s t i m u l a t e  t h e  
g r o w t h  o f  p l a n k t o n ,  o n  w h i c h  y e t  o t h e r  s p e c i e s  o f  f i s h  l i v e .  T h u s  t h e  C h i n e s e  
e v o l v e d  a  f i s h  f a r m i n g  t e c h n i q u e ,  a s  y e t  u n e x c e l l e d ,  u s i n g  a  c o m p l e x  o f  f i v e  o r  
s i x  s p e c i e s  o f  f i s h .  S o m e  a t t e m p t s  h a v e  b e e n  m a d e  t o  i m i t a t e  t h e  C h i n e s e  m e t h o d  
o f  f i s h  f a r m i n g ,  b u t  l a c k  o f  a t t e n t i o n  t o  d e t a i l ,  a n d  t h e  a p p l i c a t i o n  o f  t h e  m e t h o d  
I  
i n  o t h e r  a r e a s  u s i n g  u n s u i t a b l e  f i s h ,  h a v e  f r e q u e n t l y  l e d  t o  u n s a t i s f a c t o r y  r e s u l t s .  
M o r e  e x p e r i e n c e  a n d  a  c l o s e r  s t u d y  o f  t h e  p r o b l e m s  i n v o l v e d  c a n  c e r t a i n l y  b e  
,
,
,  
e x p e c t e d  t o  l e a d  t o  t h e  d e v e l o p m e n t  o f  m e t h o d s  o f  f i s h  f a r m i n g  s u i t e d  t o  p a r ­
t i c u l a r  r e g i o n s .  
O n l y  w i t h i n  t h e  l a s t  t w o  h u n d r e d  y e a r s  h a s  a n y  a t t e m p t  b e e n  m a d e  t o  c o n ­
s e r v e  t h e  s t o c k s  o f  f i s h  i n  n a t u r a l  w a t e r s .  S u c h  a t t e m p t s  h a v e  u s u a l l y  t a k e n  t h e  
\  
f o r m  o f  l e g i s l a t i o n . r e s . t r i c t i n g  t h e  f i s h i n g  e f f o r t  a n d  w e r e  f i r s t  a p p l i e d  t o  m a r i n e  
f i s h e r i e s .  A t  a  l a t e r  d a t e  i t  w a s  d e e m e d  n e c e s s a r y  t o  c a r r y  o u t  r e s e a r c h  i n  o r d e r  
t o  d e c i d e  w h e t h e r  t h e  l e g i s l a t i o n  i m p o s e d  w a s  l i k e l y  t o  h a v e  t h e  d e s i r e d  e f f e c t .  
S u b s i d i a r y  r e s e a r c h  w a s  a l s o  i n i t i a t e d  w i t h  t h e  a i m  o f  d e r i v i n g  t h e  m a x i m u m  
v a l u e  f r o m  t h e  f i s h  c a u g h t . ,  T h e  n e e d  t o  p r e v e n t  w a s t e  o f  v a l u a b l e  f o o d  l e d  t o  t h e  
t e c h n i c a l  s c i e n c e  o f  f i s h  p r o c e s s i n g  a n d  · p r e s e r v a t i o n .  T h e  r e s u l t s  o f  t h i s  f o r m  
,  
o f  r e s e a r c h  a r . e  w i d e l y  a p p l i c a b l e ,  t h a t  i s  t o  s a y ,  t h e  s a m e  m e t h o d s  c a n  b e  u s e d  
i n  a n y  p a r t  o f  t h e  w o r l d .  T h e  v a r i o u s  m e t h o d s  u s e d  f o r  p r e s e r v i n g  f i s h  b y  d r y i n g ,  
s a l t i n g ,  s m o k i n g ,  c a n n i n g  a n d  f r e e z i n g ,  a r e  w e l l  k n o w n  a n d  e f f i c a c i o u s ;  t h e  
s a m e  a p p l i e s  t o  t h e  v a r i o u s  m e t h o d s  f o r  m a k i n g  f i s h  m e a l ,  e i t h e r  f r o m  w h o l e  
f i s h  o r  f r o m  t h e  w a s t e  p r o d u c t s  a f t e r  f i l l e t i n g ,  g u t t i n g ,  e t c .  T h e s e  m e t h o d s  o f  
p r e s e r v i n g  a n d  p r e p a r i n g  f i s h  c a n  b e  u s e d  s u c c e s s f u l l y  b y  a n y  w h o  a r e  i n t e r e s t e d .  
N o  d o u b t  s o m e  n e w  m e t h o d s  r e m a i n  t o  b e  d i s c o v e r e d ,  b u t  t h e s e  d i s c o v e r i e s  a r e  
o n l y  l i k e l y  t o  b e  m a d e  b y  t h e  s p e c i a l i s t  l a b o r a t o r i e s  w o r k i n g  o n  t h i s  s u b j e c t .  
O n l y  r a r e l y  i s  i t  p o s s i b l e  f o r  r e s e a r c h  t o  d i s c o v e r  n e w  u n t a p p e d  s o u r c e s  o f  
f i s h ,  b e c a u s e  t h e  i n d u s t r y  h a s  u s u a l l y  f o u n d  t h e m  f i r s t  a n d ,  m a k i n g  t h e  m o s t  o f  
t h e  i m m e d i a t e  o p p o r t u n i t y ,  d e p l e t e d  t h e  s t o c k s  a n d  r e d u c e d  t h e  f u t u r e  p o t e n t i a l  
o f  t h e  f i s h e r y .  T h e  E a s t  A f r i c a n  F i s h e r i e s  R e s e a r c h  O r g a n i z a t i o n  h a s  h o w e v e r  
b e e n  f o r t u n a t e  i n  t h i s  r e s p e c t  a n d  h a s  b e e n  a b l e  t o  i n d i c a t e  t h e  e x i s t e n c e  o f  
c e r t a i n  p o p u l a t i o n s  o f  f i s h  w h i c h  a r e  a s  y e t  u n e x p l o i t e d .  
T h e  g e n e r a l  s t a t e  o f  a  f i s h e r y  c a n  b e  d e t e r m i n e d  e m p i r i c a l l y  b y  s t u d y i n g  t h e  
r e c o r d s  o f  f i s h  c a u g h t  b y  f i s h e r m e n ,  b u t  t h e s e  r e c o r d s  m u s t  h a v e  b e e n  k e p t  f o r  
s e v e r a l  y e a r s  b e f o r e  t h e y  w i l l  s h o w  h o w  t h e  p o p u l a t i o n s  o f  c a t c h a b l e  f i s h  a r e  
b e i n g  a f f e c t e d .  I t  i s  e q u a l l y  i m p o r t a n t  t o  h a v e  a t  t h e  s a m e  t i m e  a n  e s t i m a t e  o f  t h e  
f i s h i n g  e f f o r t  y e a r  b y  y e a r .  F r o m  t h e s e  d a t a  a  v a l u e  f o r  t h e  f i s h  c a u g h t  p e r  u n i t  
o f  e f f o r t  c a n  b e  d e r i v e d ;  t h i s  v a l u e  c a n  g i v e  a n  i n d i c a t i o n  o f  t h e  d e n s i t y  o f  t h e  
p o p u l a t i o n ,  a n d  t h e  c h a n g e  i n  n u m b e r s  t h a t  i s  o c c u r r i n g :  T h e  s i g n i f i c a n c e  o f  t h e  
c : ; . p n c l u s i o n s  r e a c h e d  d e p e n d s  o n  h o w  c o m p r e h e n s i v e  t h e  r e c o r d s  a r e .  I t  i s  
o b v i o u s  t h a t  r e c o r d s  o b t a i n e d  f r o m  o n e  o r  t w o  l a n d i n g s  a r o u n d  a  l a k e  a r e  o f  
l e s s  v a l u e  t h a n  r e c o r d s  o b t a i n e d  f r o m  a  g r e a t  m a n y  s u c h  l a n d i n g s .  T h e  L a k e  
V i c t o r i a  F i s h e r i e s  S e r v i c e  h a s  p r o v i d e d  d a t a  o f  t h e  u t m o s t  v a l u e .  T h e  p i t y  i s  
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F I S H  
t h a t  n o  c o m p a r a b l e  i  
e x c e l l e n t  s u r v e y  c a r r i  
r e p o r t  w a s  p u b l i s h e d  
o v e r - f i s h i n g  L a k e  V i c t  
w h i c h  w a s  g i v e n  i n  g o e  
t h e r e  i s  l i t t l e  d o u b t  t h ,  
w h y  t h e  p o s i t i o n  a s  r e g  
i s  b e c a u s e  t h e  f i s h i n g  e l  
s t o c k s  o f  f i s h .  I n  o t h e r  
t o  b r i n g  i n  t h e  s a m e  n U I  
w i t h  l e s s  e q u i p m e n t .  n  
b e r  o f  n e t s  t o  b e  u s e d  o n  
w h i c h  i t  m a y  b e  n o  exa~
{ Y  n y l o n  a n d  t e r y l e n e  n e t s '  
h a s t e n  t h e  p r o c e s s .  A s  e ,  
c a l  e s t i m a t e  o f  t h e  s t a t e  c  
c a t i n g  t h e  a p p a r e n t  e f f e c t  
o f  f i s h .  I t  w o u l d  b e  o f  l i t l  
s o l e l y  i n  t h e  h a n d s  o f  s t a t  
T h e  o f f i c e r  e n g a g e d  o n  1  
f i s h e r i e s  t h a n  c a n  b e  d e d  
c a u g h t .  H e  n e e d s  t o  l e a r n .  
a f f e c t  t h e  a b u n d a n c e  o r  a t !  
f a c t o r s ,  i t  i s  u n l i k e l y  t h a t  
i n d u s t r y .  A t  b e s t  h e  c a n  i l l  
m a d e  b y  t h e  o p e r a t o r s  o f  t  
a r e  l i a b l e  h o w e v e r  t o  v e r y  
p h e n o m e n a  t h a t  m a y  b e  a f f  
W h i l e  i n v e s t i g a t i n g  t h e s e  
i n i t i a t e  a n d  c o n t i n u e  t o  m a l  
f i s h  t h a t  m a k e  u p  t h e  f i s h e r :  
c o m m e r c i a l  c a t c h e s ;  t h e s e  
a t t e m p t  t o  s e t  t h e i r  g e a r  w~ 
T h e  r e s e a r c h  o r g a n i z a t i o n  i s  
i t  m u s t  k n o w ,  o r  a t  l e a s t  a t t  
T h i s  m e a n s  t h a t  i t  m u s t  s e t  i ;  
t o  b e ,  b u t  a l s o  i n  a r e a s  w h e t  
m a y  b e  r e m a r k a b l y  d i s a p p o i  
t o  r e c o r d  a l l  h i s  c a t c h e s  t a B  
i n f o r m a t i o n  f r o m  a n  e m p t y  f i  
A  g r e a t  d e a l  o f  e f f o r t  m u s t  
i n  o r d e r  t o  t r a c e  t h e i r  l i f e  h i s !  
c o u r s e  o f  i t s  l i f e t i m e  f r e q u e n t  
i n  w h i c h  i t  li~s. T h e  T i l a p i a ,  
T h e  f e r t i l i z e d  o v a  o f  T i l a p i t  
c e r t a i n  p e r i o d .  D u r i n g  t h i s  t i t  
i n  s w a m p y  a r e a s  w i t h i n  t h e  
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Ilg supplies derived that no comparable inter-territorial service was started immediately after the 
excellent survey carried out in 1927 by Michael Graham. Michael Graham's 
the Chinese w~,fed report was published in 1929 and conveyed a clear warning of the dangers of J" 
opped grass and the 
her species. Excreta 
r and stimulate the 
over-fishing Lake Victoria, and in particular the Kavirondo Gulf. This warning, 
which was given in good time, has to all intents and purposes been ignored, and 
there is little doubt that the fishery has continued to decline. The only reason 
' 
;. Thus the Chinese 
a complex of five or 
: the Chinese method 
why the position as regards the supply of fish is not at the moment more acute 
is because the fishing effort has been increased to keep pace with the declining 
stocks of fish. In other words, it now requires more fishermen using more nets 
lcation of the method to bring in the same number of fish as could previously be caught by fewer men 
lUsatisfactory results. 
lved can certainly be 
lIming suited to par­~ .,....... _~ l 
with less equipment. The present policy which allows an ever-increasing num­
ber of nets to be used on the better fishing grounds is likely to lead to a situation 
which it may be no exaggeration to describe as disastrous. The introduction of 
nylon and terylene nets.which are more lethal than the flax nets will no doubt 
pt been made to con-
lave usually taken the 
irst applied to marine 
, out research in order 
., 
hasten the process. As explained, the study of fishery statistics gives an empiri­
cal estimate of the state of a fishery but provides little information beyond indi­
cating the apparent effect of the industry on the naturally occurring populations 
of fish. It would be of little value to the fishing industry if the matter were left 
lave the desired effect. solely in the hands of statisticians. 
jeriving the maximum 
'aluable food led to the 
The officer engaged on research requires to know a great deal more about the 
fisheries than can be deduced by a statistician from the records of the fish 
lie results of this form caught. He needs to learn as much as possible about all the natural factCrs that 
e methods can be used affect the abundance or otherwise of the fish. Without some knowledge of these 
eserving fish by drying, 
'n and efficacious; the 
factors, it is unlikely that he will be able to give advice of much value to the 
industry. At best he can make suggestions which could equally well 'have been 
leal. either from whole made by the operators of the industry or .by the statisti~ian. These deductions 
etc. These methods of are liable however to very serious errors. if made without reference to natural 
any who are inte~ested. 
ut these discoverIes are 
phenomena that may be affecting the fish more than is the industry. 
While investigating these natural phenomena any research organization must 
king on this subject. 
w untapped sources of 
initiate and continue to make its own special observations on the populations of 
fish that make up the fishery, It cannot rely solely on information derived from 
ud, making the most .of commercial catches; these are made by professional fishermen who must 
ced the future potential attempt to set their gear where they believe they are most likely to catch fish. 
~anization ha~ however .:(-\ 
dicate the eXistence of , . \ 
,....... The research organization is not content to know where most of the fish may be; 
it must know, or at least attempt to find out, the limits of the fishing grounds, • 
,irically by studying the f. 
This means that it must set its nets not only in those area'S where fish are known 
to be, but also in areas where results, from the point of view of the fisherman• 
Ilust have been kept for may be remarkably disappointing. However. the research officer, who is trained 
IlS of catchable fish are to record all his catches together with other relevant data, can derive useful 
: time an estimate of th.e information from an empty fishing net. 
the fish caught per umt A great deal of effort must also be expended on catching small immature fish. 
on of the density of the in order to trace their life history and to discover their habits. A fish during the 
: The significance of t~e course of its lifetime frequently occupies a variety of habitats in the sea or lake 
the records are. It lS in which it lives. The Tilapia of Lake Victoria serve well to illustrate this point. 
"S around- a lake are of The fertilized ova of Tilapia are retained in the mouth of the parent for a 
~ch landings. The ~a~e 
most value. The pity is 
certain period. During this time the parent fish does not feed but seeks shelter 
in swampy areas within the littoral region. The young fish after leaving the 
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U G A N D A  J O U R N A L  
F I S H E R  
-
p a r e n t ' s  m o u t h  r e m a i n  i n  t h e s e  a r e a s  f o r  a  v a r i a b l e  l e n g t h  o f  t i m e .  T h e  p e r i o d  T h o u g h  s o m e  a s s e s s m l  
s p e n t  i n  t h e  s w a m p s  i s  d e t e r m i n e d ,  i t  s e e m s .  p a r t l y  b y  t h e  t i m e  t a k e n  t o  r e a c h  a  m a d e  a s  o n e  g o e s  a l o n g ,  
l  
c e r t a i n  s i z e ,  w h i c h  i t s e l f  i s  d e t e r m i n e d  b y  t h e  a m o u n t  o f  s u i t a b l e  f o o d  a v a i l a b l e ,  
a n d  p a r t l y  b y  o t h e r  f a c t o r s ,  s u c h  a s  t h e  r a i n f a l l  ( w h i c h  m a y  c a u s e  ' f o u l '  w a t e r  
f r o m  a d j a c e n t  d e o x y g e n a t e d  p a p y r u s  s w a m p s  t o  i n v a d e  t h e  T i l a p i a  ' n u r s e r i e s '  
i s ,  e a c h  n e w  d i s c o v e r y  v  
t i c u l a r  v a l u e .  H e  m u s t  t h  
r e l e g a t e  s o m e  o f  h i s  p r e '  
a n d  c a u s e  t h e  y o u n g  f i s h  t o  m o v e  o u t  i n t o  o p e n  w a t e r ) .  I n  t h e  m o r e  o p e n  w a t e r  
a b l e ,  a n d  p a r t i c u l a r l y  s o  
t h e s e  s m a l l  i m m a t u r e  f i s h  f e e d  n e a r  t h e  s u r f a c e ;  a f t e r w a r d s  t h e y  t e n d  t o  f e e d  a t  
h a s  b e e n  c o l l e c t e d ,  a n d  \ I  
a  g r e a t e r  d e p t h .  O n  r e a c h i n g  f u l l  s e x u a l  m a t u r i t y  t h e y  s e e k  p a r t i c u l a r  a r e a s  i n  
o b t a i n i n g  p r e v i o u s l y .  P m  
t h e  l a k e  w h e r e  c o n d i t i o n s  a r e  s u i t a b l e  f o r  t h e  m a k i n g  o f  n e s t s ;  t h e s e  b r e e d i n g  
n a t u r e  a n d  d e g r e e  o f  c h  
,  
g r o u n d s  a r e  d i s t i n c t  f r o m  t h e  b r o o d i n g  g r o u n d s  a n d  ' n u r s e r i e s ' .  T h e  l i f e  h i s t o r i e s  
o f  t h e  t w o  s p e c i e s  o f  T i l a p i a  i n  L a k e  V i c t o r i a  a r e  n o t  y e t  f u l l y  k n o w n ,  b u t  t h e  
r e a s o n s .  W i t h o u t  s o m e  S l  
d e d u c t i o n s  a n d  a s s u m e  t I  
E a s t  A f r i c a n  F i s h e r i e s  R e s e a r c h  O r g a n i z a t i o n  h a s  c o n t r i b u t e d  c o n s i d e r a b l y  t o  
f i s h i n g ,  w h e n  i n  f a c t  t h e  
k n o w l e d g e  o f  t h i s  s u b j e c t .  H o w e v e r ,  w e  m a y  s e e k  c o m f o r t  i n  t h e  f a c t  t h a t  m u c h  ,  
s t i l l  r e m a i n s  t o  b e  l e a r n t  a b o u t  t h e  l i f e  h i s t o r i e s  o f  m a n y  c o m m o n  f i s h  i n  E u r o p e ;  V ,  
-'".~. n u m b e r s  o f  f i s h  b r o u g h t  
: . . U  P o p u l a t i o n s  o f  a n i m a l :  
~ 
f o r  e x a m p l e ,  e v e n  n o w .  l i t t l e  i s  k n o w n  o f  t h e  l i f e  h i s t o r y  o f  t h e  s a l m o n  b e t w e e n  
i n  m i n d  p a r t i c u l a r l y  w h  
i  
t h e  t i m e  i t  l e a v e s  t h e  r i v e r s  i n  w h i c h  i t  i s  s p a w n e d  a n d  t h e  t i m e  w h e n  i t  r e t u r n s ,  
s u b j e c t .  T h e  o n l y  r e c o r d !  
I
,
,  
;  
a s  a n  a d u l t .  
O n c e  t h e  l i f e  h i s t o r y  o f  a  f i s h  h a s  b e e n  s k e t c h e d .  a t  l e a s t  i n  o u t l i n e ,  i t  i s  
n e c e s s a r y  t o  d i s c o v e r  w h a t  f o o d  i s  e a t e n  t h r o u g h o u t  t h e  c o u r s e  o f  i t s  l i f e .  F i s h  
c h a n g e  t h y i r  f e e d i n g  h a b i t s  a s  t h e y  g r o w ,  a n d  t h e  f o o d  o f  y o u n g  f i s h  m a y  b e  
q u i t e  d i f f e r e n t  f r o m  t h a t  o f  t h e  a d u l t  f i s h ;  d u r i n g  t h e i r  l i f e t i m e  t h e y  m a y  r e q u i r e  
a  s u c c e s s i o n  b f  d i f f e r e n t  f o o d s .  A c c o r d i n g l y ,  t h e  a b u n d a n c e  o f  a  f i s h  m a y  b e  
t  
k e p t  c o n t i n u o u s l y  f o r  a  1  
T h e s e  s h o w  a  r e g u l a r  p e  
s p o t  c y c l e s ;  t h i s  c o r r e l a t  
c e r t a i n  e v e n t s  t h a t  a f f e c t  
d r y  y e a r s  t o  b e  f o l l o w e d  
t h e  a v e r a g e  o r  e v a p o r a t i (  
d e t e r m i n e p  b y  t h e  s u p p l y  o f  s o m e  p a r t i c u l a r  f o o d  r e q u i r e d  a t  s o m e  p a r t i c u l a r  
t h a t  b i o l o g i c a l  c h a n g e s  (  
s t a g e  o f  i t s  l i f e  h i s t o r y .  t h e y  m a y ,  b u t  t h e r e  a r e  
A t  e v e r y  s t a g e  i n  i t s  l i f e  a  f i s h  i s  l i a b l e  t o  a t t a c k  f r o m  p r e d a t o r s ;  t h e s e  m a y  b e  
l a k e  l e v e l  d o  a f f e c t  t h e  
o t h e r  s p e c i e s  o f  f i s h  w h i c h  e a t  e i t h e r  t h e  e g g s ,  a l e v i n s  o r  a d u l t s .  o r  o t h e r  a n i m a l s  
l i t t o r a l  r e g i o n  w h e r e  m~ 
s u c h  a s  o t t e r s ,  c r o c o d i l e s  a n d  b i r d s .  T h e  a b u n d a n c e  o f  a n y o n e  o f  t h e s e  p r e d a t o r s  
y o u n g ,  s o  i t  i s  n o t  i m p r o l  
m a y  b e  a  f a c t o r  o f  g r e a t  i m p o r t a n c e  i n  d e t e r m i n i n g  t h e  n u m b e r  o f  f i s h  t h a t  w i l l  
s o m e  e f f e c t  o n  t h e  f i s h .  F .  
s u r v i v e .  
c o n s i d e r a b l e  c h a n g e s  o c e  
P a r a s i t e s  m a y  d e s t r o y  f i s h  o r  r e d u c e  t h e i r  r e p r o d u c t i v e  p o t e n t i a l .  T h e y  m a y  l a k e s  p e r h a p s  d u e  i n  t h e  
b e  f u n g i ,  s u c h  a s  t h o s e  t h a t  g r o w  o n  f i s h  e g g s ,  p r o t o z o a  t h a t  s t e r i l i z e  f i s h  b y  t h e  f o o d  s u p p l y  a n d  t h <  
d a m a g i n g  t h e i r  g o n a d s ,  o r  w o r m s  t h a t  r u i n  t h e  a p p e a r a n c e  o r  p a l a t a b i l i t y  o f  t h e  
n u m b e r  o f  p r e d a t o r y  a t  
f l e s h .  T h e r e  a r e  m a n y  o r g a n i s m s ,  b e s i d e s  t h e  c o m m o n  f i s h  l i c e .  w h i c h  l i v e  p a r a ­
s i t i c a l l y  o n  f i s h .  I t  w o u l d  b e  u n w i s e  t o  n e g l e c t  t h e  p o s s i b i l i t y  t h a t ,  q u i t e  a p a r t  L  \ . .  
. .  
i n i t i a t e d  w h i c h  m a y  p u l
i .  g r a d u a , l l y  t o  t h e  o r i g i n a l  
f r o m  e p i d e m i c s ,  a  m e a s u r e  o f  c o n t r o l  o f  t h e  d e n s i t y  o f  f i s h  p o p u l a t i o n s  m a y  b e  ~' .  ~ o r  c y c l I c a l .  
e x e r c i s e d  c o n t i n u o u s l y  b y  p a r a s i t e s .  
T h e r e  a r e  o t h e r  c h a l  
I t  m u s t  b e  f u l l y  a p p r e c i a t e d  t h a t  t h e  a i m s  o f  f i s h e r y  r e s e a r c h  a r e  n o t  s a t i s f i e d  
~ 
i r r e v e r s i b l e  a n d  a r e  e x )  
m e r e l y  b y  d e s c r i p t i o n s  o f  t h e  h a b i t s  a n d  l i f e  h i s t o r i e s  o f  f i s h ,  t h e i r  f o o d ,  p r e ­
.  a g e i n g .  A l l  l a k e s ,  h o w e '  
d a t o r s  a n d  p a r a s i t e s ,  h o w e v e r  c o m p l e t e .  T h e  s i g n i f i c a n c e  o f  t h e s e  v a r i o u s  
t h e i r  i n d i v i d u a l i t y  p r i m a  
f i n d i n g s  m u s t  b e  a s s e s s e d  i n  t e r m s  o f  t h e i r  e f f e c t  o n  t h e  t o t a l  p o p u l a t i o n .  I f  
a g e  f r o m  t h e  c a t c h m e n t  
m o r t a l i t y  d u e  t o  p r e d a t o r s  i s  h i g h  a n d  t h e  s u r v i v a l  r a t e  d u e  t o  a  l a c k  o f  f o o d  
t h e  n a t u r e  o f  t h e s e  d e t e l  
l o w ,  o n e  n e e d s  t o  k n o w  w h i c h  i s  t h e  m o r e  s i g n i f i c a n t  a n d  w h a t  c a u s e s  t h e  
b y  i t s  c o n t a i n e d  f l o r a  a l  
.  . f  a b u n d a n c e  o f  p r e d a t o r s  a n d  t h e  s h o r t a g e  o f  f o o d .  T h u s  i t  b e c o m e s  n e c e s s a r y  t o  
g r a d u a l  c h a n g e  w h i c h  i !  
s t u d y ,  a s  f a r  a s  p o s s i b l e ,  t h e  w h o l e  b i o l o g i c a l  e n v i r o n m e n t  a n d  t h e n  a s s e s s  w h i c h  
c h a n g e  t e n d s  t o w a r d s  a  
f e a t u r e s  a r e  o f  p a r t i c u l a r  i m p o r t a n c e .  T h i s  a s s e s s m e n t  i s  p e r h a p s  t h e  h a r d e s t  
pro~ i s  s l o w  a n d  t h e n  
t a s k  o f  a l l ,  a n d  o f  c o u r s e  c a n  b e  d o n e  a d e q u a t e l y  o n l y  a f t e r  a  v a s t  a m o u n t  o f  
t h e  s m a l l e r  l a k e s  a n d  i n  
d a t a  h a s  b e e n  c o l l e c t e d .  
, . . "  .  
s o  r a p i d l y  t h a t  t h e  e n t i l  
.
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Though some assessment regarding the significance of one's findings must be
 
made as one goes along, it is as well to realize that, human nature being what jt
 
is, each new discovery will strike the investigator as being something of par­

ticular value. He must therefore be prepared, as new information is acquired, to
 
relegate some of his previously cherished ideas to a back place. This is inevit­

able, and particularly so when exploring regions from which little information
 
has been collected, and where there are no continuous records of the conditions
 
obtaining previously. Past records are of inestimable value, as they indicate the
 
nature and degree of change that may occur with time and for a variety of
 
reasons. Without some such knowledge it is easy to make completely erroneous
 
deductions and assume that present conditions are caused by. for instance. over­

fishing. when in fact they really are the result of periodic fluctuations in the
 
~ numbers of fish brought about by quite other circumstances. 
!~, Populations of animals never remain the same for long; this should be borne 
in mind particularly when there is a lack of any specific information on the 
subject, The only records concerning the lakes of East Africa, which have been 
kept continuously for a reasonable number of years, are records of lake levels. 
These show a regular periodicity, which was once thought to be related to sun­
spot cycles; this correlation broke down in recent years but there are no doubt 
certain events that affect the weather in a way that causes a period of relatively 
dry years to be followed by a period of years in which the rainfall is either above 
the average or evaporation is below the average rate. It is not intended to imply 
that biological changes do actually follow these periodic changes in lake level; 
they may. but there are no data to support the idea or to refute it. Changes in 
lake level do affect the fertility of a lake; they als<9 disturb conditions in the 
littoral region where many fish live and where the Tilapia go to brood their 
young, so it is not improbable that these cyclical changes in the weather do have 
some effect on the fish. However, excluding such external effects, it is likely that 
considerable changes occur in the population of both pl~ts.and animals in the 
lakes perhaps due in the first place to some minor shift in the balance between 
the food supply and the number of consumers, which in turn may affect the 
number of predatory animals or parasites; thus a process of change may be 
initiated which may pursue its course for a number of years and then revert ,
~.' gradually to the original condition. Such changes may be described as reversible 
, ' or cyclical. . 
There are other changes that occur in lakes which may be described as
 
irreversible and are expressions of the process of lake evolution or gradual
 
ageing. All lakes, however they may have been formed in the first place, owe
 
their individuality primarily to the nature of the surrounding countryside. Drain­
age from the catchment area carries into the lake silt and minerals in solution; 
the nature of these determines the biological character of the lake as expressed 
by its contained flora and fauna. The entire flora and fauna then undergoes a 
gradual change which is brought about as a result of their own activities. This 
change tends towards a condition of increasing fertility; in the larger lakes this ! 
­process is slow and therefore probably not of any immediate sigqificance, but in
 
the smaller lakes and in dams and reservoirs it may proceed extremely rapidly;
 
so rapidly that the entire life of such a body of water may be completed in a
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F I S H E R )  
f e w  d e c a d e s  o r  l e s s .  T h i s  i s  a n  e x p e r i e n c e  w h i c h  m a y  c a u s e  s o m e  i n c o n v e n i e n c e 	  
w h i c h  a r e  r e l e a s e d  f r o m  
' .
1  
t o  t h e  b u i l d e r s  o f  d a m s ,  f i s h  f a r m s  a n d  r e s e r v o i r s . 	  
s o m e t h i n g  a b o u t  t h e  w a y  
S o  f a r  t h i s  a c c o u n t  h a s  s k i m m e d  r a p i d l y  o v e r  a  f e w  o f  t h e  z o o l o g i c a l  p r o b l e m s  
T h i s  s t u d y  o f  w a t e r  m O V l  
t h a t  a r e  i n c l u d e d  i n  t h e  s c i e n c e  o f  f i s h e r i e s ,  m a n y  m o r e  m u s t  b e  o m i t t e d  a l t o ­
k i n d  o f  a q u a t i c  i n e t e o r o l c  
g e t h e r .  B u t .  b e f o r e  p a s s i n g  o n  t o  t h e  m o r e  f u n d a m e n t a l  a s p e c t s  o f  f i s h e r y  
o f  a  l a k e  d e p e n d s  v e r y  
r e s e a r c h .  r e f e r e n c e  m u s t  b e  m a d e  t o  t h e  i n v e r t e b r a t e  f a u n a  w h i c h  i n h a b i t  f r e s h ­
f a v o u r a b l e  a n d  c a u s e  w a t l  
w a t e r s .  T h e s e  a n i m a l s  p l a y  a n  i m p o r t a n t  p a r t  i n  d e t e r m i n i n g  t h e  n u m b e r s  o f  
s o m e  l a k e s  c o n d i t i o n s  o f  
f i s h  t h a t  l i v e  i n  l a k e s .  C r u s t a c e a  a r e  t h e  p r i n c i p a l  f o o d  o f  t h e  n d a g a a  o f  L a k e  
p r e v e n t  s u c h  m i x i n g  o f  t h  
T a n g a n y i k a  ( S t o l o t h r i s s a  t a n g a n y i c a e  ( R e g a n )  a n d  L i m n o t h r i s s a  m i o d o n  
s i d e r a b l y  l e s s  t h a n  i t  w o u l  
( B l g r . ) )  a n d  t h e y  f o r m  p a r t  o f  t h e  d i e t  o f  m a n y  o t h e r  f i s h .  I n s e c t  l a r v a e  a r e  t h e  
T h e  f o l l o w i n g  q u o t a t i O l  
m a i n  f o o d  o f  M o r m y r u s  a n d ' o f  m a n y  o t h e r  f i s h .  T h e y  a r e  a l s o  a  v e r y  i m p o r t a n t  
h o w  f e r t i l e  w a t e r  f r o m  t h  
e l e m e n t  i n  t h e  d i e t  o f  y o u n g  f i s h  b e l o n g i n g  t o  m a n y  s p e c i e s  t h a t  e a t  e n t i r e l y  
f i s h e r i e s .  " S o m e  o f  t h e  w o  
d i f f e r e n t  f o o d  w h e n  a d u l t .  M o l l u s c s  f o r m  t h e  f o o d  o f  s e v e r a l  s p e c i e s  o f  f i s h  a n d  .  
.  c o a s t  o f  A l g e r i a  i s  f a m o u  
a r e  t h e m s e l v e s  v e c t o r s  o f  d i s e a s e s  w h i c h  a f f e c t  f i s h ,  c a t t l e  a n d  m e n .  V  
U - h e r e  b e c a u s e  u p w a r d  s t r e a  
a s t r o n o m i c a l  n u m b e r s  o f  
A l l  a n i m a l s .  v e r t e b r a t e  o r  i n v e r t e b r a t e ,  d e p e n d  u l t i m a t e l y  o n  p l a n t s  f o r  t h e i r  
f o o d .  T h e  s a y i n g  t h < i t  "~ll f l e s h  i s  g r a s s "  i s  j u s t  a s  a p p l i c a b k  i n  t h e  w a t e r s  o f  t h e  
w e s t  c o a s t  o f  A f r i c a  a r e  0  
w o r l d  a s  i t  i s  o n  l a n d .  Y e t  s o m e  p e o p l e  h a v e  s h o w n  s u r p r i s e  w h e n  t o l d  t h a t  
n e s s  o f  m a r i n e  l i f e .  T h e r e  
b o t a n i c a l  s u b j e c t s  a r e  i n c l u d e d  i n  f i s h e r y  r e s e a r c h  p r o g r a m m e s .  
S e a  n e a r  O m a n  a n d  o n  t l  
a r e a s  o f  c o l d  w a t e r  r i s i n g  1
T h e  p o p u l a t i o n s  o f  a n i m a l s  t h a t  c a n  l i v e  i n  a  l a k e  a r e  d e p e n d e n t  a b s o l u t e l y  
o n  t h e  q u a n t i t y  a n d  n a t u r e  o f  t h e  p l a n t s  g r o w i n g  i n  i t .  I t  i s  t h e r e f o r e  o f  t h e  
l  
G e o r g i a ,  e a s t  o f  C a p e  H o  
O n  t h e  w e s t  c o a s t  o f  t h e  
g r e a t e s t  i m p o r t a n c e  t o  k n o w  a s  m u c h  a s  p o s s i b l e  a b o u t  t h e s e  p l a n t s .  T h e y  r a n g e  
m u c h  a s  a  b i l l i o n  p o u n d s :  
i n  s i z e  f r o m  m i n u t e  o r g a n i s m s  t h a t  c o m p r i s e  p a r t  o f  t h e  u l t r a - s m a l l  p l a n k t o n  
( n a n n o p l a q k t o n )  t o  t h e  h i g h e r  p l a n t s  t h a t  f o r m  t h e  s w a m p s  a r o u n d  t h e  l a k e ­
w o r l d .  T h e  f i s h e r y  c o u l d  
f a m i l i a r  b i o l o g i c a l  c h a i n ;  
s h o r e .  F r o t p .  t h e  f i s h e r y  p o i n t  o f  v i e w .  t h e  m o r e  i m p o r t a n t  p l a n t s  a r e  p r o b a b l y  
s a m e  p r i n c i p l e s  h o l d  i n  a  
t h e  a l g a e  w h i c h  f o r m  t h e  p h y t o p l a n k t o n .  b u t  a l l  t h e  p l a n t s  o c c u r r i n g  i n  v a r i o u s  
o n  a  m u c h  s m a l l e r  s c a l e .  :  
h a b i t a t s  p l a y  s o m e  p a r t  i n  t h e  l i f e  o f  f i s h .  
p r o b a b l y  e x p l a i n  t h e  p r e
T h e  m a j o r i t y  o f  f i s h  d e p e n d  o n l y  i n d i r e c t l y  o n  p l a n t s  f o r  t h e i r  f o o d ;  t h a t  i s  t o  
s o u t h e r n  c o a s t  t h a n  o c c u  
s a y ,  t h e y  e a t  o t h e r  a n i m a l s .  c r u s t a c e a .  i n s e c t s .  m o l l u s c s  o r  o t h e r  f i s h .  t h a t  f e e d  
d i f f e r e n c e  i s  f o u n d  b e t w e e
o n  p l a n t s .  I n  E a s t  A f r i c a  h o w e v e r  t h e  m o s t  i m p o r t a n t  f i s h  e c o n o m i c a l l y  a r e  t h e  
b o t h  L a k e  T a n g a n y i k a  a n
v a r i o u s  s p e c i e s  o f  T i l a p i a ,  a l l  o f  w h i c h  a r e  h e r b i v o r o u s .  S o m e  s p e c i e s  f e e d  o n  
e x p r e s s i o n  o f  o n e  o f  t h e  e l
t h e  p h y t o p l a n k t o n .  w h e r e a s  o t h e r s  f e e d  o n  a q u a t i c  w e e d s .  I n  t h i s  r e s p e c t  t h e s e  
l a k e s .
f i s h  p r e s e n t  a  l e s s  d i f f i c u l t  p r o b l e m  t h a n  m o s t .  T h e y  a l s o  p r e s e n t  a  p r o b l e m  o f  
T h e r e  a r e  s o m e  h y d r o l ,  
e s p e c i a l  i n t e r e s t ,  b e c a u s e  t h e y  a r e  c l o s e l y  r e l a t e d  b y  t h e i r  f o o d  t o  t h o s e  b a s i c  
f a c t o r s  w h i c h  d e t e r m i n e  t h e  f e r t i l i t y  o r  i n f e r t i l i t y  o f  t h e  l a k e s  i n  w h i c h  t h e y  l i v e .  \ .  l . .  
•  ~. l a k e s .  f o r  i n s t a n c e  t h e  d e  
. . . ,  t h e  s e i c h e  m o v e m e n t s  t h :
F e r t i l i t y  c a n  b e  m e a s u r e d  i n  t e r m s  o f  d i s s o l v e d  s u b s t a n c e s  c o n t a i n e d  i n  t h e  " " "  
T h e s e .  a s  a l r e a d y  i n d i c a t t  
w a t e r .  i n  t h e  s a m e  w a y  a s  o n e  m a y  d e s c r i b e  a  s o i l  a s  b e i n g  f e r t i l e  b e c a u s e  i t  
•
c o n t a i n s  p l e n t y  o f  p l a n t  n u t r i e n t s .  p h o s p h a t e s ,  n i t r a t e s ,  l i m e ,  p o t a s h  a n d  o t h e r 	  
W i t h o u t  s o m e  k n o w l e d g e  
u n d e r s t a n d  t h e  c o n s i d e r a l  
e s s e n t i a l  s u b s t a n c e s .  F i s h  c a n n o t .  o f  c o u r s e .  g r o w  i n  a  s i m p l e  s o l u t i o n  o f  c h e m i -
{  
t i o n  o f  t h e  w a t e r  a n d  i n  t b
c a l  s u b s t a n c e s ;  t h e  b a s i c  c h e m i c a l  f e r t i l i t y  o f  t h e  w a t e r  n e e d s  t o  b e  c o n v e r t e d  
I t  m a y  p e r h a p s  b e  p e r r  
i n t o  p l a n t  m a t e r i a l  o n  w h i c h  f i s h  a n d  o t h e r  a n i m a l s  m a y  f e e d .  L i g h t  i s  n e c e s s a r y  
e n t l y  o f  n o  i m m e d i a t e  e C 4
f o r  p l a n t  g r o w t h .  s o  a  c h e m i c a l l y  f e r t i l e  w a t e r  w i l l  s u p p o r t  a  h i g h  d e n s i t y  o f  
E a s t  A f r i c a n  l a k e s  a s  r e 1
. p l a n t s  o n l y  i f  i t  r e c e i v e s  s u f f i c i e n t  l i g h t .  I n  a  l a k e  o n l y  t h e  s u r f a c e  w a t e r s  a r e  
f o s s i l s  a r e  o f  g r e a t  i n t e r e :  
' l 1 1 u m i n a t e d ,  s o  o n l y  n e a r  t h e  s u r f a c e  c a n  t h e  e s s e n t i a l  w o r k  o f  c o n v e r t i n g  s i m p l e  
c h e m i c a l  s u b s t a n c e s  i n t o  o r g a n i c  m a t t e r  b e  c a r r i e d  o u t .  F e r t i l e  w a t e r  w h i c h  
r e m a r k a b l e  c h a n g e s  h a v !  
f o s s i l s t P e r e  a r e  s p e c i m e n  
r e m a i n s  a t  t h e  b o t t o m  o f  a  l a k e  i s  n o  m o r e  p r o d u c t i v e  t h a n  t h e  r i c h  s o i l  l y i n g  
a r e  f a r  l a r g e r  t h a n  a n y  f e
o n  t h e  f l o o r  o f  a  d e n s e  f o r e s t  i s  p r o d u c t i v e  o f  u n d e r g r o w t h .  T h e  w a t e r  n e a r  
h a s  b e e n  a  d e c l i n e  i n  t h e
t h e  b o t t o m  o f  a  l a k e  t e n d s  t o  b e  c h e m i c a l l y  f e r t i l e  b e c a u s e  i t  r e c e i v e s  n u t r i e n t s  
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which are released from the mud by decomposition. It is necessary to know 
something about the way this water is moved from the bottom to the surface. l' 
This study of water movement is called hydrology and can be described as a 
kind of aquatic meteorology. The realization of the potential chemical fertility 
of a lake depends very largely on whether the hydrological conditions are 
favourable and cause water from the bottom to be transferred to the surface. In 
some lakes conditions of thermal stratification or layering often exist which 
prevent such mixing of the water. with the result that their productivity is con­
siderably less than it would otherwise be. 
The following quotation from The Sea Around Us by R. L. Carson describes
 
how fertile water from the seabed, if brought to the surface, affects the ocean
 
fisheries. "Some of the world's largest fisheries are dependent on upwelling. The
 
I"t. coast of Algeria is famous for its sardine fisheries; the sardines are abundant
 
'!l "' here because upward streams of deep, cold water provide the minerals to support
 
.	 astronomical numbers of diatoms. The west coast of Morocco and the south­

west coast of Africa are other sites of extensive upwelling and consequent rich­

ness of marine life. There is an amazingly abundant fish fauna in the Arabian
 
Sea near Oman and on the Somali coast near Cape Hafun. both occurring in
 
areas of cold water rising from the depths. Upwelling around the island of South
 
Georgia, east of Cape Horn, makes this one of the world's centres of ,whaling.
 
On the west coast of the United States the catch of sardines is sometimes as
 
much as a billion pounds in a year. supporting one of the largest fisheries in the
 
world. The fishery could not exist except for upwelling, which sets off the old.
 
familiar biological chain; salts, diato~s. copepods, herring." Essentially the
 
same principles hold in a large lake as in the oceans. though everything occurs
 
on a much smaller scale. Somewhat similar water movements in Lake Victoria
 
probably explain the presence of greater numbers of certain fish along the
 
southern coast than occur along the northern. The same sort of quantitative
 
difference is found between the fish fauna of the southern and~orthern ends of
 
both Lake Tanganyika and Lake Nyasa. These differences would seem to be an
 
expression of one of the effects produced by the south-east trade winds on these
 
lakes.
 
There are some hydrological problems which are to some extent peculiar to ,
lakes. for instance the development of very marked thermal stratification and 
" the seiche movements that occur between layers of water of different density. 
t 
( These, as already indicated. have a marked effect on the productivity of a lake. 
Without some knowledge of these water movements it would not be possible to 
understand the considerable fluctuations which occur in the chemical composi­
tion of the water and in the abundance of plankton. 
,I It may perhaps be permissible in this review to raise one issue that is appar­

ently of no immediate economic significance. namely the ancient history of the
 
East African lakes as revealed by the fossil records. Some of the more recent
 
fossils are of great interest since they show that within the existing lake basins
 
remarkable changes have occurred in the fish fauna. Among the more recent
 
-I fossils there are specimens. belonging to the same species as occur today. which I 
are far larger than any found at the present time. This may indicate that there 
has been a decline in the fertility of these lakes. and t~is decline may have been 
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U G A N D A  J O U R N A L  
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b r o u g h t  a b o u t  p a r t l y  a s  a  r e s u l t  o f  m a n  i m p r o v i n g  h i s  t e c h n i q u e  a s  a  f i s h e r m a n .   
T h e  f e r t i l i t y  o f  a  t r o p i c a l  l a k e  m a y  b e  r e d u c e d  c o n s i d e r a b l y  b y  r e m o v i n g  f i s h   
f r o m  i t ,  n o  d o u b t  t h e s e  l a k e s  h a v e  b e e n  f i s h e d  b y  m a n  f o r  s o m e  t h o u s a n d s  o f   
y e a r s  a n d  p r o b a b l y  d u r i n g  t h a t  t i m e  h i s  n u m b e r s  a n d  t h e  n u m b e r  o f  f i s h  h e  h a s   
c a u g h t  h a v e  o n  t h e  w h o l e  b e e n  s t e a d i l y  i n c r e a s i n g .  I t  i s  c u r i o u s  t o  t h i n k  t h a t  w e   
- ~ 
h a v e  s o m e  i n f o r m a t i o n  r e g a r d i n g  t h e  f i s h  f a u n a  i n  L a k e  V i c t o r i a  f r o m  r e c e n t  
i
f o s s i l  r e m a i n s ,  b u t  n o  s u b s e q u e n t  d a t a  t i l l  t h e  b e g i n n i n g  o f  t h e  p r e s e n t  c e n t u r y .   
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C a r s o n ,  R .  L .  ( 1 9 5 1 ) .  T h e  S e a  A r o u n d  U s .  L o n d o n :  S t a p l e s  P r e s s .   
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G r a h a m ,  M .  ( 1 9 2 9 ) .  T h e '  V i c t o r i a  N y a n z a  a n d  i t s  F i s h e r i e s .  A  R e p o r t  o n  t h e  F i s h i n g   
S u r v e y  o f  L a k e  V i c t o r i a ,  1 9 2 7 - 2 8 .  L o n d o n :  C r o w n  A g e n t s  f o r  t h e  C o l o n i e s .   
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